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ABSTRACT
Although monoamine oxidase inhib -

itors (MAOIs) at one time represented
the mainstay of therapy for major depres-
sive disorder (MDD), the risk of acute
hypertensive reactions following the
 ingestion of tyramine-rich foods and the
consequent need to restrict dietary tyra-
mine represent a barrier to their use. In
this article, we present an overview of the
efficacy and safety of a transdermal for-
mulation of the MAOI selegiline for the
treatment of MDD. Transdermal deliv-
ery of selegiline at the effective dose of
6 mg every 24 hours eliminates the need
for a tyramine-restricted diet. Our empha-
sis on potential drug–drug inter actions
and contraindications should be useful to
prescribers who counsel patients with
MDD. 

INTRODUCTION
Despite the wide availability of clini-

cally efficacious therapies for depression,
as many as 50% of patients who begin
treatment do not respond to it, and up to
30% do not gain benefits from a range of
therapy regimens.1 Reflecting their estab -
lished efficacy, safety, and widespread
clinical use, oral monoamine oxidase
 inhibitors (MAOIs) were the mainstay
of major depressive disorder (MDD)
therapy during the 1950s. However, re-
ports of serious adverse events, includ-
ing acute hypertensive reactions follow-
ing ingestion of tyramine-rich foods such

as aged cheese,2 and the subsequent
need to restrict dietary intake of tyra-
mine with MAOI therapy led to a decline
in the use of these agents. Despite these
barriers, many psychiatrists believe that
MAOIs are currently underused in clin-
ical practice,3,4 particularly given their
proven  efficacy in atypical depression,5–9

psychotic depression,10,11 dysthymic
 disorder,12 treatment-resistant depres-
sion,13–17 and bipolar depression.14,18,19 As
a result, considerable efforts have been
made to develop an MAOI antidepres-
sant that can overcome these limitations.

Transdermal selegiline (Emsam, Som-
erset/Bristol-Myers Squibb) is the first
therapeutic option of its kind to be ap-
proved by the Food and Drug Admin -
istration (FDA) for the treatment of
MDD. Given the primary role of pharma-
cists and physicians in advising patients
on the use of concomitant medications,
we outline the efficacy, safety, potential
interactions, and contraindications of the
 selegiline transdermal system (STS).

A NOVEL DELIVERY SYSTEM 
The STS has a unique delivery system

that was designed to overcome the limi-
tations associated with oral MAOIs, par-

ticularly those relating to dietary con-
straints. Monoamine oxidase (MAO) in
the gastrointestinal (GI) tract (predomi-
nantly the MAO-A isoenzyme) is a key
 enzyme in tyramine metabolism. When
MAO-A in the GI tract is sufficiently
 inhibited, tyramine cannot be metabo-
lized; it enters the systemic circulation,
resulting in an elevation of blood pres-
sure and potentially leading to a hyper-
tensive crisis.2,20

The pharmacokinetic and pharmaco-
dynamic properties of the STS permit
the inhibition of MAO-A and MAO-B in
the central nervous system (CNS) while
limiting MAO-A inhibition in the intes-
tinal mucosa and liver. At the effective
 selegiline dose of 6 mg every 24 hours,
the system’s dermal application enables
targeted inhibition of MAO enzymes in
the CNS without significantly increasing
sensitivity to dietary tyramine, thus elim-
inating the need for dietary modifications
of foods containing tyramine at this
dose.21

EFFICACY AND SAFETY  
Efficacy

The efficacy and tolerability of the STS
at a dose of 6 mg every 24 hours in MDD
has been demonstrated in several short-
term and long-term placebo-controlled
clinical trials. It was also assessed in a
flexible-dose study.

Bodkin and Amsterdam22

In a short-term, randomized, double-
blind study of six weeks’ duration (n =
177), patients with moderate-to-severe
depression received either the STS 
(6 mg/24 hours) or placebo once daily.
Because this was the first large study of
the STS for MDD, subjects followed a
tyramine-restricted diet. At the study’s
endpoint, the STS showed significantly
greater efficacy, compared with placebo,
according to:
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• the 17-item Hamilton Rating Scale
for Depression (HAM-D-17) (–8.7 ±
7.5 vs. –6.1 ± 6.7; P = 0.01). 

• the 28-item HAM-D Scale (–11.2 ±
9.8 vs. –7.6 ± 8.6; P = 0.004).

• the Montgomery–Åsberg Depres-
sion Rating Scale (MADRS) (–9.8 ±
11.5 vs. –5.7 ± 9.1; P = 0.005). 

Greater reductions in mean scores
 occurred as early as the first week of STS
treatment, compared with placebo.22 In
addition, significantly more STS patients
achieved a reduction of 50% or more in
both total HAM-D-17 scores (37.5% vs.
22.7%; P = 0.04) and HAM-D-28 scores
(37.5% vs. 22.7%; P = 0.03) at the study’s
endpoint than the placebo group. More-
over, more patients scored below 8 on
the HAM-D-17 with the STS, compared
with placebo (22.7 vs. 11.4%; P = 0.04). 

Efficacy was also evaluated with the
Clinical Global Impression (CGI) Sever-
ity of Illness and Improvement measures.
Greater global improvement was ob-
served with the STS than with placebo
(42% vs. 27%; P = 0.03).

Feiger et al.23

In a second, short-term, eight-week
study (n = 265), patients with moderate-
to-severe depression received a flexible
STS dose of 6 to 12 mg/24 hours or
placebo once daily with no dietary tyra-
mine restrictions. Patients receiving the
STS experienced greater reductions at
the endpoint (eight weeks) in:

• HAM-D-28 scores (STS baseline =
28.3 ± 3.7, mean change = –11.1 ± 8.6;
placebo baseline = 28.6 ± 4.0, mean
change = –8.9 ± 9.1; P = 0.03).

• MADRS scores (STS baseline = 29.3
± 4.2, mean change = –11.6 ± 9.8;
placebo baseline = 29.3 ± 4.2, mean
change = –8.6 ± 10.3; P = 0.02). 

• Inventory for Depressive Sympto-
matology-Self Rated scores (STS
baseline = 37.3 ± 8.8, mean change =
–13.9 ± 12.1; placebo baseline = 37.6
± 9.4, mean change = –10.6 ± 12.5; 
P = 0.03), compared with placebo. 

In this study, patients receiving the
STS also showed significant improve-
ments from baseline, compared with
placebo, for the secondary outcome of
HAM-D Bech-6 scores (representing
core depressive symptoms) (STS base-

line = 12.4 ± 1.3, mean change = –5.5 ± 4.3;
placebo baseline = 8.5 ± 4.3, mean change
= –4.1 ± 4.2; P = 0.01).

Amsterdam24

In a further short-term study, 289
 patients received either the STS 6 mg/24
hours (n = 145) or placebo (n = 144) once
daily for eight weeks. Patients did not
need to follow a tyramine-restricted diet. 

At the study’s endpoint, the STS group
experienced significantly greater reduc-
tions in HAM-D-28 scores (18.6 ± 9.4 vs.
21.2 ± 9.3; P = 0.39) and in MADRS scores
(18.0 ± 10.0 vs. 21.7 ± 9.9; P = 0.03). HAM-
D-17 scores were also better at the end-
point but not significantly (STS = 14.7 ±
7.2 vs. placebo = 16.3 ± 7.1; P = 0.06).

Amsterdam and Bodkin25

In a long-term, double-blind, placebo-
controlled relapse-prevention study, 322
patients who had responded to 10 weeks
of open-label STS 6 mg/24 hours were
randomly selected to receive either trans-
dermal selegiline 6 mg/24 hours or pla -
cebo once daily for up to 52 weeks. No
 dietary tyramine restrictions were re-
quired. 

Relapse was defined as meeting these
criteria on two consecutive visits: 

• a HAM-D-17 score of 14 or higher
• a CGI score of 3 or higher with a

two-point increase from the base-
line score

• criteria for MDD, as defined in the
Diagnostic Statistical Manual of
Mental Disorders (DSM-IV)

At week 26, significantly fewer STS-
treated patients (16.8%) than placebo-
treated patients (29.4%) experienced a
relapse (P = 0.005). STS efficacy was
maintained throughout the study, with
significantly fewer STS patients experi-
encing relapse at week 52 (17%), com-
pared with placebo patients (30.7%; 
P = 0.003). 

Patients who completed the study also
experienced a significantly longer time to
relapse over 52 weeks, compared with
those receiving placebo (P = 0.005).

Safety and Tolerability of the
STS Patch

In the acute22–24 and long-term25 studies
already outlined, transdermal  selegiline
was well tolerated, and there were no

significant differences in treatment with-
drawal rates between STS and placebo
groups. The most common adverse
events that occurred with the long-term
STS use included application-site re -
actions, infection, insomnia, and head -
ache.25 The occurrence rate of  ad verse
events with the STS was similar to that
seen in the placebo patients except for
 reactions at the application site. In a  
52-week study,25 a trend toward an  in -
creased incidence of insomnia in STS-
treated  patients was also observed. 

Application-site reactions, which gen-
erally consisted of mild-to-moderate itch-
ing, redness, and swelling, were the most
problematic adverse events associated
with STS patches. However, these re -
actions were usually transient, of short
duration, and mild to moderate in inten-
sity, and they usually resolved within
 several hours after patch removal. 

The patch should not be applied to an
area of skin that is irritated, broken,
scarred, or calloused, and a new appli -
cation site should be selected with each
new patch to avoid a reaction at the site.
Cases of persistent irritation should be
referred to a physician. 

No cases of  hypertensive crisis were
reported in any of the controlled clinical
trials.

CLINICAL APPLICATIONS: 
ADDRESSING UNMET NEEDS

For the substantial number of patients
with depression, including those who do
not respond adequately to, or who are
 intolerant of, existing antidepressant
therapy, alternative options are needed.
The clinical data regarding the STS
patch demonstrate both its acute and
long-term safety and efficacy in  patients
with MDD. 

In particular, as the first antidepres-
sant available for transdermal administra-
tion, STS offers the benefits of an effec-
tive MAOI without the need for dietary
modifications at the lowest effective dose
(6 mg/24 hours). The STS may therefore
offer a promising alternative therapeutic
option for patients with only partial or
no response to initial MDD therapy. 

Although the STS provides several
 advantages over oral MAOIs (i.e., mini-
mal interaction with dietary tyramine and
possibly a more rapid onset of thera -
peutic action), additional studies are
needed in order to further evaluate this
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population and their responsiveness to
the system.

PRACTICAL CONSIDERATIONS 
Dosage 

STS patches are available in three
doses: 6, 9, and 12 mg every 24 hours. No
dietary modifications are required at the
recommended starting and target doses
for the 6-mg/24 hour regimen. 

Higher STS doses of 9 and 12 mg/24
hours are also effective, but studies were
not designed to evaluate improved effi-
cacy at higher doses. Based on the more
limited data available for the doses of 
9 and 12 mg/24 hours, food effects can-
not be ruled out; therefore, patients
 receiving these doses should follow
 dietary modifications that include the
avoidance of tyramine-rich food and bev-
erages during treatment and for up to
two weeks after therapy has been com-
pleted. Dietary modifications should also
be followed for two weeks after a dose
 reduction to 6 mg/24 hours.26

No dose adjustment is necessary for
patients with mild-to-moderate renal or
hepatic impairment. The recommended
daily dose for elderly patients (65 years of
age and older) is 6 mg/24 hours; careful
monitoring of these patients is necessary
if the dose is increased further.26

Applying the Patch 
The STS patch should be applied every

24 hours, and it should be changed at the
same time each day. Patients should
 remove the old patch before applying a
new one. The patch is applied to dry,
smooth skin on the patient’s upper chest
or back (below the neck and above the
waist), the upper thigh, or to the outer
surface of the upper arm. A new site
should be chosen each time the patch is
changed. 

The application site should be free of
hairy, oily, irritated, or broken tissue, and
the patch should not be placed where the
patient’s clothing is tight, because this
can cause the patch to be rubbed off.

DRUG–DRUG INTERACTIONS
AND CONTRAINDICATIONS

Despite the widespread use of MAOIs
over the past 50 years, their pharmaco -
kinetic interactions have yet to be fully
elucidated.27,28 The potential for inter -
actions between the STS and alcohol,
 alprazolam (Xanax, Pfizer), ibuprofen,

levothyroxine (Synthroid, Abbott), olan-
zapine (Zy prexa, Lilly), and warfarin
(Coumadin, Bristol-Myers Squibb) have
been the subject of several studies, none
of which has confirmed an altered phar-
macokinetic profile of either selegiline
or the test agent. However, the potential
for drug–drug interactions has been
identified with carbamazepine (Tegretol,
Novartis) and some sympathomimetic
agents. As with other MAOIs, these
agents are contraindicated in patients
using the STS (Table 1).26

Carbamazepine can cause a decrease in
drug exposure, although slightly in-
creased levels of selegiline and its metab -
olites were seen following a single applica-
tion of the STS at 6 mg/24 hours in
subjects who had received carbamaz epine
400 mg/day for 14 days.26 The clinical rel-
evance of these findings is un known. 

For the sympathomimetic agents,
pharmacokinetic studies have shown
that giving the STS at a dose of 6 mg/24
hours with phenylpropanolamine (PPA)
25 mg every four hours for 24 hours does
not affect the pharmacokinetics of PPA.
However, there was a higher incidence of
significant blood pressure elevations with
the STS plus PPA than with PPA alone,
suggesting a possible pharmacodynamic
interaction.26 Giving the STS at a dose of
6 mg/24 hours for 10 days with pseudo -
ephedrine (60 mg three times daily) did
not affect the pharmacokinetic proper-
ties of pseudo ephedrine.26

As with other MAOIs, the STS should
not be administered with cold products
or weight-reducing preparations that con-
tain vasoconstrictors, including amphet-
amine and other sympathomimetic
agents (see Table 1). Other medications
are also contraindicated with the STS,
such as:

• selective serotonin reuptake inhib -
itors (SSRIs).

• selective norepinephrine reuptake
inhibitors (SNRIs).

• tricyclic antidepressants.
• St. John’s wort.
• meperidine (Demerol, Sanofi-Syn-

thelabo).
• analgesic agents: tramadol (Ultram,

PriCara), methadone (Dolophine,
Roxane), and propoxyphene (Dar-
von, aaiPharma/Xanodyne).

• cold or cough preparations contain-
ing dextromethorphan. 

Oral selegiline and other MAOIs should
not be used concomitantly with the STS
(see Table 1). 

Contraindications with other anti -
depressants are largely related to CNS
toxicity (“serotonin syndrome”), which
has been reported in case studies.29 Sero-
tonin toxicity is characterized by neuro-
muscular excitation (hyperreflexia, myo -
clonus, rigidity), autonomic stimulation
(hyperthermia, tachycardia, tremor,
flushing), and an altered mental state
(anxiety, agitation, confusion). 

Serotonin toxicity can be mild, with
features that might not be a concern to
the patient; moderate, with toxicity caus-
ing significant but not life-threatening
distress; or severe, consisting of a med-
ical emergency characterized by rapid
onset of severe hyperthermia, muscle
rigidity, and multiple organ failure.29 An
increase in CNS toxicity has been ob-
served in case reports of patients who
 received an MAOI with or shortly after
the administration of SSRIs.30–37

Two case reports in individual patients
have described similar reactions with
oral selegiline and SSRIs.38,39 However,
in patients with Parkinson’s disease, oral
selegiline at the approved dose of 5 mg
twice daily was well tolerated when it
was  administered with sertraline (Zoloft,
Pfizer), paroxetine (Paxil, GlaxoSmith -
Kline), or fluoxetine (Prozac, Lilly).40–42

In general, the quality of the evidence is
poor and further studies are required to
examine drug interactions with anti -
depressant medications. 

Owing to their irreversible inhibition
of MAO, the physiological ef fects of
MAOIs may persist for up to three weeks
after they are discontinued.43 As such, a
14-day washout period is recommended
before alternative antidepressant ther-
apy is initiated in order to prevent poten-
tially serious pharmacodynamic inter -
actions. Similar precautions should be
taken when patients are switched from
one MAOI to another, although more
rapid switches (from one to eight days)
have been safely performed.44,45

The practice of avoiding the narcotic
analgesic meperidine in patients receiv-
ing MAOIs is based on data from case
 reports with nonselective MAOIs46–52 and
from one case report with oral selegiline
and meperidine (pethidine).51 For those
patients  receiving MAOIs, morphine is
 considered the narcotic analgesic of
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choice.53–55 Notably, alternative thera -
peutics are available for other contra -
indicated medications (Table 2).56

For example, Tylenol Cold Daytime
and Nighttime are contraindicated
 because of their inclusion of pseudo- 

ephedrine and dextromethorphan; how-
ever, Tylenol Cold Relief as well as the
nighttime formula contains acetamino-

Table 1 Medications Contraindicated for Patients Using the Selegiline Transdermal System 

Class Example of a Contraindicated Drug* 
Evidence Level 

for Class†

Narcotic analgesics Meperidine (Demerol) Probable

Analgesics Tramadol (Ultram)
Methadone (e.g., Dolophine)
Propoxyphene (e.g., Darvon, Darvocet)

Not noted‡

Muscle relaxant Cyclobenzaprine (Flexeril) Not noted‡

Antitussive agents
(found in cold and cough 
medications)

Dextromethorphan (active ingredient in Zicam Cold and Flu, Coricidin
HBP Cough/Cold (for high blood pressure), Tylenol Cold Daytime and
Night-time, Mucinex DM), Benadryl Allergy and Cold Caplets

Suspected

Vasoconstrictors 
(found in cold products and 
weight-reducing preparations)

Pseudoephedrine (active ingredient in Tylenol Cold, Sudafed Tablets)
Phenylephrine (active ingredient in Zicam Cold and Flu, 
Benadryl allergy/sinus headache)
Phenylpropanolamine
Ephedrine

Established

Selective serotonin reuptake 
inhibitors

Fluoxetine (Prozac)
Sertraline (Zoloft)
Paroxetine (Paxil)

Probable

Dual serotonin and norepinephrine
reuptake inhibitors

Venlafaxine (Effexor)
Duloxetine (Cymbalta)

Probable

Tricyclic antidepressants Imipramine (Tofranil)
Amitriptyline (Elavil)

Suspected

Tetracyclic antidepressant Mirtazapine (Remeron) Not noted‡

Monoamine oxidase inhibitors Oral selegiline (Eldepryl)
Isocarboxazid (Marplan)
Phenelzine (Nardil)
Tranylcypromine (Parnate)

Not noted‡

Antianxiety agent Buspirone (BuSpar) Not noted‡

Amino ketone agent Bupropion HCl (Wellbutrin and Zyban) Suspected

Herbals St. John’s wort Not noted‡

Antiepileptics Carbamazepine (e.g., Tegretol, Biston, Calepsin, Carbatrol)
Oxcarbazepine (Trileptal)

Suspected

Amphetamines Dextroamphetamine (e.g., Dexedrine)
DL-amphetamine (Benzedrine)

Suspected

Methylphenidates Dexmethylphenidate (Focalin)
Methylphenidate (e.g., Ritalin)

Suspected

* The recommended washout period for contraindicated medications is about one to two weeks (four to five half-lives) before and two weeks
after STS treatment. One exception is fluoxetine, which requires a five-week washout period prior to STS therapy. Note that more rapid switches of
one to eight days have also been performed safely for monoamine oxidase inhibitors.

† Level of evidence for interaction with MOAI class based on Facts and Comparisons 4.0, in which “established” = proven to occur in 
well-controlled studies;  “probable” = very likely but not proven clinically;  “suspected” = may occur, some good data, but needs more study; 
“possible” = could occur, but data are limited.

‡ Evidence level not noted by Facts and Comparisons 4.0.
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phen and diphenhydramine and rep -
resents an alternative for patients need-
ing the STS. Because the brand names of
these medications can be similar, the
pharmacist or physician can advise
 patients to check the contents of the prod-
uct as well as the brand name for con-
traindicated components. This is espe-

cially important, because the ingredients
of over-the-counter products may
change, necessitating that patients check
each purchase.

The STS patch is also contraindicated
for patients undergoing elective surgery
involving general anesthesia; in this sit-
uation, the STS should be discontinued at

least 10 days before the procedure. If
surgery is required earlier, agents such
as benzodiazepines, mivacurium (Miva -
cron, Abbott), morphine, and codeine
may be used with caution. In addition,
local anesthetics containing sympa -
thomimetic vasoconstrictors should be
avoided. 

Although the data do not suggest the
need for a modified diet at the STS 
6-mg/24-hour dose, because of the lim-
ited data available, ingesting foods and
beverages containing tyramine is contra -
indicated for patients receiving the STS
at higher doses and for up to two weeks
after therapy is stopped or reduced to
the 6-mg/24-hour dose.26

Table 3 presents some tyramine-rich
foods and beverages to avoid, including
aged or fermented meat, poultry and
fish, aged cheeses, broad bean pods, con-
centrated yeast extract, most soybean
products, and all varieties of tap beer.57

As with other antidepressants, the con-
comitant use of alcohol with the STS is
not recommended.

CONCLUSION
The clinical data regarding the Emsam

patch demonstrate both its short-term
and long-term safety and ef ficacy in
 patients with MDD. In particular, the STS

Table 2  Over-the-Counter Medications Not Contraindicated 
For Patients Using the Selegiline Transdermal System 

Class Example

Analgesics Motrin IB Caplets

Antitussive agents (in cold and
cough medications)

Zicam Cold Remedy, Corcidin HBP Cold and Flu,
Tylenol Cold Relief, Mucinex

Antihistamines, antitussive
agents (in cold and cough
medications)

Benadryl Allergy Kapseals, Claritin 24 Hour Allergy
Tablets, Tavist Allergy Tablets, Zicam Cold Remedy,
Corcidin HBP Cold and Flu, Tylenol Cold Relief,
Mucinex

Cough and cold products Tylenol Cold Relief, Zicam Cold Remedy, Benadryl
 Allergy,  Advil Caplets, Coricidin HBP Cold and Flu
Tablets, Comtrex Maximum Strength Sore Throat
 Relief Liquid, Tylenol Chest Congestion Cool Burst
Caplets, Vicks VapoRub, Robitussin Chest Congestion
Guaifenesin Syrup USP, Mucinex Extended-Release
Tablets

Antihistamines Benadryl Allergy Kapseals, Claritin 24 Hour Allergy
Tablets, Tavist Allergy Tablets

Table 3  Dietary Modifications Needed for Patients Using the Selegiline Transdermal System 
9 mg and 12 mg/24 hours

Class Foods and Beverages to Avoid Acceptable Foods

Meat, poultry, fish Air-dried, aged, and fermented meats, sausages and
salamis (cacciatore, hard salami, mortadella); pickled
herring; and any spoiled or improperly stored meat,
poultry and fish (e.g., foods that have undergone
change in coloration or odor or have become
moldy); spoiled or improperly stored animal livers

Fresh meat, poultry, and fish, including fresh
processed meats (e.g., lunch meats, hot dogs, 
breakfast sausage, and cooked sliced ham)

Vegetables Broad (fava bean) bean pods All other vegetables

Dairy Aged cheeses Processed cheeses, mozzarella, ricotta cheese,
cottage cheese, yogurt

Beverages All varieties of tap beer, and beers that have not
been pasteurized so as to allow for ongoing fermen-
tation

As with other antidepressants, the concomitant use
of alcohol is not recommended; bottled and canned
beers and wines contain little or no tyramine

Miscellaneous Concentrated yeast extract (e.g., Marmite), sauer-
kraut, most soybean products (soy sauce, tofu), 
over-the-counter supplements containing tyramine

Brewer’s yeast, baker’s yeast, soy milk, commercial
chain restaurant pizzas prepared with cheeses low in
tyramine

Note: No dietary restrictions are required for patients using the 6 mg/24-hour selegiline transdermal system (Emsam).
Data from Shulman KI, Walker SE.  Pychiatr Ann 2001;31:378–384.57
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provides several advantages to orally
 administered MAOIs, including freedom
from dietary tyramine modifications at a
dose of 6 mg/24 hours and a favorable
side- effect profile. 

Given their positions in the pathway
of care, pharmacists and physicians play
a major role in counseling patients about
the potential for drug interactions and
 alternative treatments. Accordingly,
awareness of potential interactions that
may be encountered with the STS will
optimize the use of this MAOI as an alter-
native for patients with MDD. 
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